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PIMALUREVOS 



INTRAOCULAR AND INTRACRANIAL PRESSURE 

MONITOR 



Pressure increase in brain, contained in tiie skull, is a serious medical condition that can be 
life threatening. Intracranial pressure changes can be detected non invasively using acoustic 
stimulation and analysis. The brain and the skull are coupled resonant systems that >vt1l respond 
in a predictable fashion to pressure increases given the bioboundary conditions. Changes in 
acoustic damping are correlated with changes in cerebral spinal fluid (CSP) or intracranial 
pressure (TCP). 

There arc two "windows" to the interior brain pressure, the ear and the eye. Ear monitoring of 
changes in CSF pressure have been attempted (Marchbands, 1999), but have not resulted in a 
feasible clinical device. Direct measures of the skull vibration or using ultrasonic probes liave 
also been attempted with some success. The later is technically complicated, and is not a 
promising clinical alternative. Eye pressure does correlate with CSF and various approaches have 
been used since eye pressure assessment is a common opthamological procedure. Two types of 
intrsocculflT pressure measurement have been reported which have various correlations with fCP. 
These include noncontact air tonometry which measures intraoccular pressure (Sheeran 2000, 
Salman 1 997). This technique has produced conflicting results and at best could likely only 
provide a rough estimate of ICP. The other technique reponed is opthabnodynamometiy which is 
an applanation technique (Draeger 1999, Draeger 2000), This technique applies pressure to tlie 
cornea and measures the Intraoccular arterial pulse wave. Pressure is applied to the corneal 
surfece until the intraoccular arterial pulse wave (produced by die ophthalmic artery) is 

obliterated. The pressure at which this happens has been termed intracranial arterial pressure and 
some have used this pressure to infer changes in ICP. However^ this measure cannot be equated 
with ICP. ^ 

The present invention capitalizes on the acoustic resonam prosperities of the eye, a globe thai 
can be modeled accurately as a sphere. Sixty percent of the globe is bounded by bone, 
representing a high impedance interface. Calculations of resonant frequencies range from 
approximately 95 440 kHz. Ultrasonic lesonance Is expected given the small radios of tlie eye 
H.7S mm). While not wanting to be limited by initial calculations and relatively few direct 
measurements, we intend to sweep lones from well below and well above projected resonant 
frequency. Various anatomical features and less than sphere geometry make exact predictions 
diflRculL Nonetheless a wide range of frequency sweeping to ensure resonant frequencies will be 
covered is selected as a prudent tactic. 



Thus as the pressure is increased on the globe, intraocular pressure wilt rise. Increases in lOP 
will increase the acoustic dampbg. Increased damping will be reflected in a reduction in 
intensity of the signal recorded at bodi sensors place comfortably over the closed eyelid. 

The sensors will be constructed of piezoelectric film, coated with Mylar. Half the sensor will 
receive the vibrations of the eye and the second half will be a driving actuator. Alternatively a 
driving actuator can be placed any where on the skin of the head. 

Algorithms have been developed to compare the signals between tiie eyes and compute an 
equivalents intracranial pressure. Exact calibration remains to be performed. 



Additional value using this technique to measure fCP may lie with its use in conjunction with 
transcranial acoustical nteasurements. In this manner, changes in an acoustical signal generated 
at the eye may be measured transcraniaily or transcranially produced acoustical signals could be 
measured at the eye with the above system. Thus as iCP changes, the acoustical signals 
generated across these points wilJ be changed. Furthermore, the ability to bilaterally mesL^ui^ the 
signals using both eyes may assist in confirming measures. Alternatively, the potential may 
exists to allow detection of hemispheric location of large accumulations of intracranial blood after 
trauma such as epidural and subdural hematomas. 



3. What is novel or unusual about this invention? How does it differ from present technology? What are Us 
advantages? 

nan invasive acoustical comfortable monitor 

4, What is the closest technology currently available, upon which this invention improves? 
air tonometry, ophthalmodynamometry 



6. What uses do you foresee for the invention, both now and in the future? 

broad application in emergency medicinei critical care medicine, trauma surgery, neurology) 
neurosargery and tnlenifll medicinci military medicine, aviationyspaee medicine 



An increase in brain pressure, if gees undetected and untreated, Is potenliaUy fatal. Brain pressure 
can be monitored by aeoustic eye patches which are confortable, accurate and provide a rapid and 
sensitive reading. 



eye resonance pressure effect as an indicator of cerebral fluid 
pressure status 



resonance estimated 
modeling eye globe as 
a sphere 



piezoelectric film sensor 
placed in contact with 
eye or eyelid 




Assuming boundaiy 
condifIonsFo::129 kHz 

Assuming no boundary 
Conditions Fg s 97 kHz 



CSF pressure effe ct 
increased damping 



METHO 




Sweep across resonance (50-175 kHz) 
Identify resonance, measure amplitude 
Determine coherence between globes 
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